Introduction High values of neutrophil-lymphocyte ratio (NLR) and platelet-lymphocyte ratio (PLR) are related with poor prognosis in patients with gastric cancer. However, this association has been rarely assessed in Hispanic populations that show important clinicopathological differences to Asian and Caucasian patients. In this study, we determined the prognostic value of these biomarkers in Hispanic patients from Costa Rica.
Introduction
Gastric cancer represents the fifth most common form of cancer and the third cause of cancer-related death in both sexes worldwide [1] . Almost 70% of cases occur in developing countries, particularly in Eastern Asia, Central and Eastern Europe, and Central and South America. In these regions, stomach cancer is the third most frequently diagnosed malignancy among men and the fifth cause of incidence among women [2] . In 2015, stomach cancer was the second cause of cancer-related mortality in both sexes among Costa Rican patients [3] . This in line with the mortality rates reported in other Central and South American countries, which are among the highest in the world [4, 5] . Despite the high prevalence and mortality of this disease in Hispanic countries, patients from this region are usually under-represented in clinical trials, and few data are available regarding prognostic factors for overall survival (OS) and disease-free survival (DFS).
Previous studies have shown a different clinicopathologic behavior of this malignancy among Hispanic patients [6, 7] that may be partly related to their genetic background. These studies have shown that gastric adenocarcinoma in Hispanic populations are more likely to affect young patients with [6, 7] . Other reports have consistently revealed shorter overall survival and poorer long-term clinical outcomes in Hispanic patients than in White-non-Hispanic populations [8, 9] . The neutrophil-lymphocyte ratio (NLR) and the plateletlymphocyte ratio (PLR) have been recently identified as prognostic factors in patients with solid tumors, including gastric cancer [10, 11] . However, the prognostic role of these biomarkers in patients with gastric adenocarcinoma from Hispanic origin is largely unknown. Given the fairly distinctive outcomes and clinical characteristics of this malignancy in this population, we performed the present study to determine the prognostic value of the NLR and PLR as predictors of OS and DFS in patients with gastric cancer from a Hispanic background (Costa Rica), and to establish the best cutoff value to adequately classify patients according to their baseline risk.
Methods
The clinical records of all consecutive patients diagnosed with gastric adenocarcinoma from January 2009 to January 2012 in four major public hospitals of Costa Rica (Caja Costarricense de Seguro Social) were retrospectively reviewed. Baseline clinical and tumor characteristics were manually retrieved from the clinical records. The NLR (defined as the absolute neutrophil count divided by the absolute lymphocyte count) and PLR (defined as the absolute platelet count divided by the absolute lymphocyte count) were calculated from full blood test performed prior surgery or chemotherapy. Patients with hematological disorders, corticosteroids, or any kind of acute or chronicle inflammatory diseases were excluded, as well as patients with no pre-treatment blood tests. All cases were classified according to the TNM criteria as described by 7th Edition of the American Joint Committee on Cancer. Patients with non-metastatic gastric cancer underwent a surgical procedure that consisted of total or subtotal gastrectomy with lymph node dissection (D1 or D2) depending on tumor location and surgeon's preference.
Patients could receive adjuvant treatment, either chemotherapy or chemoradiotherapy (CRT), according to the medical oncologist consultation. In case of metastatic disease and good performance status (ECOG 0 to 2), patients received cytotoxic therapy.
Patients were followed up at least at 3-month intervals during the first 2 years, then at 6-month intervals for 3 years, and yearly thereafter. Follow-up included a computer tomography scan and esophagogastroduodenoscopic examination as clinically indicated.
The primary outcome of this study was OS as defined from the date of first cancer treatment to the date of death according to the Costa Rican National Registry. DFS was defined from the date of primary surgery to the date of clinically confirmed recurrence or death. Recurrence was defined as the presence of a biopsy-proven tumor with adenocarcinoma features or the presence of imaging highly suspicious of tumor recurrence.
Statistical Analysis
Categorical variables are presented as percentages and continuous variables as means and standard deviations (SD).
The best NLR and PLR cutoff points were determined based on the maximization of the log-likelihood ratio method as proposed by Contal and O'Quigley [12] .
The chi-square test or Fisher's exact test were used for comparison of frequencies, while the Student's t test was used for comparison of quantitative variables. An OS and DFS analysis was performed using the Kaplan-Meier method. The Log-rank test was used to compare survival curves. Univariate and multiple COX regression analyses were used to calculate the crude and adjusted hazard ratios (HR) with their 95% confidence interval (95% CI). Variables with a p value less than 0.10 by univariate analysis were included in the multivariate analysis using the backward stepwise technique. An interaction term (NLR*PLR) was added to the model to test for the interactive effect of NLR and PLR.
A p value of less than 0.05 was considered statistically significant. Statistical analysis was carried out using SPSS version 21.0 for Mac (Chicago, Illinois, USA). All statistical tests were two-tailed.
Results
A total of 381 patients met the inclusion criteria. Table 1 summarizes the main characteristics of the included patients and compares baseline characteristics according to the NLR and PLR. After statistical analysis, the optimal cutoff was set at 5 for NLR (corresponding to a log-rank value of 37.15) and 350 for PLR (corresponding to a logrank value of 33.32). Median NLR and PLR were 2.61 and 180.72, respectively. Patients allocated to the high NLR and PLR groups were more likely to have an advanced clinical stage, poor performance status, and did receive less chemotherapy or surgery in comparison with patients with low NLR and PLR values.
Median follow-up time was 13.21 months (range 0-84 months). During this period, a total of 273 patients (71.7%) died. Overall, 5-year survival probability was 27.1% (95% CI 22.61-31.62). Figure 1 The results of the univariate and multiple COX regression analyses for OS and DFS are presented in Tables 2 and 3 , respectively. After adjustment for potential confounders, the NLR ≥ 5 was independently associated with worse OS and DFS. Also, TNM stage, ECOG performance status, and the absence of chemotherapy or surgery were associated with poor outcomes. The multivariate analyses did not reveal any statistically significant interaction between the NLR and the PLR (Tables 2 and 3 ).
Discussion
Inflammatory cells play an essential role in the pathogenesis and progression of cancer and are important determinants of patient's clinical outcome [13] . Neutrophils are thought to promote carcinogenesis by favoring angiogenesis, metastasis, and cell proliferation [14] . Cytotoxic lymphocytes are responsible of clearing tumor cells through recognition of tumorspecific antigens or tumor-associated antigens [13, 15] . Additionally, platelets adhere to tumor cells and facilitate their metastasis from the blood stream [16] . Therefore, the combination of increased number of circulating neutrophils, platelets, and lymphocytopenia could explain the poor outcomes of patients with high NLR and PLR. In this study, we show that both the NLR and the PLR are prognostic factors in Hispanic gastric cancer patients from Costa Rica, a country with high incidence and mortality for this malignancy [3] . After covariate adjustment, only the NLR was independently associated with worse OS and DFS. Our findings are in accordance with previous reports in patients with solid tumors, including gastric cancer [11, [17] [18] [19] [20] . Moreover, the majority of these studies assessing the role of NLR and PLR as prognostic biomarkers have been conducted in Asian populations, and almost no data from Latin-American countries are available. Recently, it has been determined that patients from Hispanic background tend to have poorer outcomes than Asian and White-non-Hispanic populations [8, 9] . We consider therefore that our results make an important contribution by evaluating the prognostic value of novel biological parameters in a geographical region where gastric adenocarcinoma represents a leading cause of death due to cancer [3] [4] [5] .
Not all trials evaluating the prognostic usefulness of NLR and PLR in solid tumors come to the same conclusion and much of the heterogeneity found probably derives from different cutoff points used in each study. For example, in a recent metaanalysis of 33,432 patients with solid tumors [18] , a range of cutoff values from 1.9 to 7.2 was associated with poor outcomes. In the present analysis, we decided to calculate the optimal NLR and PLR threshold based on the sequential approach suggested by Contal and O'Quigley [12] . A similar statistical methodology has been previously used by other authors [20] and it is preferred Fig. 2 Disease-free survival probability (Kaplan-Meier method) according to the neutrophil-lymphocyte ratio (left) and platelet-lymphocyte ratio (right) Fig. 1 Overall survival probability (Kaplan-Meier method) according to the neutrophil-lymphocyte ratio (left) and platelet-lymphocyte ratio (right) over ROC curves, median values, or interquartile ranges because of its ability to control for multiple variables and time-to-event outcomes. Nevertheless, as other authors suggest, we must consider the NLR and PLR as continuous variables with increasing risk increments [21] .
Although patients with high NLR were older, had more advanced disease, lower performance status and received more treatment (surgery or chemotherapy) than patients in the low NLR category, the multivariate analysis for OS and DFS showed that this index was not altered by these confounding variables. This implies that the NLR is a strong predictor for long-term outcomes and its incorporation into predictive nomograms is warranted, as recently showed by Choi and colleagues [22] .
Gastric cancer prognosis is usually determined by pathological variables that are available after a surgical procedure or [1, 2] . The identification and validation of these sensitive biomarkers may help identify patients who may receive a different therapy and follow-up.
Our study has some limitations due to its retrospective design. However, it validates previous findings regarding the prognostic value of circulating neutrophils, platelets, and lymphocytes in patients with gastric cancer.
In conclusion, our findings show that the NLR is an independent prognostic factor for OS and DFS in Hispanic patients with gastric cancer regardless of their clinical stage, performance status, and treatment received. Further studies, however, should prospectively explore the prognostic value of these biomarkers in order to incorporate them into usual clinical practice.
